Luminescence measurements:
The luminescence spectra were recorded using a home built spectrometer using an excitation wavelength of  340 nm. The excitation and emission slit widths were 5nm. Fig. S2 shows the spectra at 5K and room temperature for a powder sample on vacuum grease. Attempted direct excitations of ff transitions of Dy 3+ were been successful.
Fig. S2
. Luminescence spectra of Dy 3 for room temperature (black line) and T = 5 K (blue line).
MCD measurements:
MCD spectra were recorded with a home built spectrometer. 
Ab initio calculations
Mononuclear fragment calculations were done with MOLCAS 7.8 using the RASSCF/RASSI-SO/SINGLE_ANISO routines. Basis sets were taken from the MOLCAS ANO-RCC library for dysprosium (Dy.ANO-RCC…8s7p5d4f2g1h). Complete active space self-consistent field (CASSCF) calculations include the Dy 4f orbitals (CAS(9 in 7)). Table S1 -S3 list the decomposition of the RASSSI wave functions corresponding to the lowest atomic multiplet J = 15/2 (squares of the coefficients) in the local coordinate frame of the corresponding Dy ion. Table S1 . Dy1 ( local coordinate system ) Table S2 . Dy2 (local coordinate system ) 
Description of the exchange interaction
Hamiltonian:
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j ij is the total magnetic interaction: exchange + dipolar; s ij are local pseudospins (s=1/2) on Dy sites ( i.e. the lowest Kramers doublet)
The dipolar interaction is treated exactly ( entirely ab initio).
The exchange interaction is fitted to the available experiment. 
EPR investigations

Fig. S5.
Experimental EPR data at 4.2 K for all applied microwave frequencies as indicated. Fig. S8 . FIR transmission spectra of the Dy 3 triangle at 4.2K. Right: Blow-ups of the relevant regions. , and assuming idealized orientations of the local anisotropy axes. The wave functions of the ground and first excited state of each dysprosium ion are given by ab initio results (Table S1- , and assuming idealized orientations of the local anisotropy axes. The wave functions of the ground and first excited state of each dysprosium ion are given by ab initio results (Table S1- • , . Calculations were performed for the best fit parameter 1 (with • , , angle in the triangle plane) and the best off-diagonal matrix elements of the single ion zero-field matrices δ 1 = 229, δ 2 = 147, δ 3 = 192, ge 1 ' = -8, ge 2 = 4, ge 3 = 1, ee 2 = 2 cm -1 .
FIR investigations
Torque investigations
